This consensus document, in consistent with the 2014 European Respiratory Society/American Thoracic Society (ESR/ATS) guidelines (2) , defines severe asthma as asthma that requires treatment with Step 4 or 5 medications as recommended by Global Initiative for Asthma (GINA) to maintain it under control, or that remains "uncontrolled" despite these therapies, during the previous year.
Severe asthma may include the following two scenarios: (I) the control of asthma remains well on the Step 4 medications but fails when de-escalating the treatment; (II) the control of asthma is not achieved with the Step 4 medications, rendering the use of Step 5 medications needed. In the first scenario, asthma is referred to as simple severe asthma; in the second, as severe refractory asthma.
Patients who fulfilled with the criteria of severe asthma may face high risks in the future, including those related to the condition per se (asthma exacerbation and impaired lung function) or associated with adverse drug reactions (10) .
Epidemiology and disease burden
There is no clear epidemiological data on the incidence of severe asthma in adults and children. The 2000 ATS proceedings of the ATS workshop on refractory asthma mentioned that refractory asthma accounts for less than 5% of all asthma patients (7) , while the 2014 ERS/ATS guidelines on definition, evaluation and treatment of severe asthma showed that severe asthma accounts for nearly 5% to 10% of asthma patients (2) . According to the China Asthma and Risk Factors Epidemiologic Survey (CARE), asthma affects 1.24% of Chinese adolescents (aged ≥14 years) and adults; among them, 5.99% have severe asthma (11, 12) .
The frequency of hospital or emergency room visits by severe asthma patients has been distinctly increasing, leading to massive use of health resources for the diagnosis and treatment. Annually, the direct treatment cost for severe asthma per capita in the United States is 14,212 USD (13) ; with regard to Europe, 2,635 Euros in Spain (14) , 2,912 to 4,217 GBP in the UK (15) ; in South Korea, 2,214 USD (16) . According to the China Asthma Research Network, hospital stays following an acute exacerbation of asthma were responsible for a direct treatment cost of as high as 11, 603 Yuan RMB (~1,730 USD) per patient per episode during 2013-2014 (17) .
Pathology and pathophysiology

Distinct heterogeneity in airway inflammation
Inflammatory cells and mediators play important roles in the development and progression of severe asthma. Based on findings of induced sputum, bronchial mucosa biopsy and bronchoalveolar lavage, the airway inflammation in severe asthma may be eosinophilic, neutrophilic, mixedgranulocytic, or paucigranulocytic. These inflammatory endotypes are related to varying characteristics by anatomical structure, physiology and clinical presentation (18) (19) (20) . Compared with mild to moderate asthma patients, those with severe asthma show more significantly elevated counts of eosinophils and neutrophils in the induced sputum (21) , and higher-level expression of Th2 cytokines, such as IL-4, IL-5 and IL-13 (22) (23) (24) . Among these cytokines, IL-4 may promote the differentiation of Th0 cells into Th2 cells, and the production of IgE by B lymphocytes; IL-5 is a critical cytokine involved in the maturation and activation of eosinophils; IL-13 not only induces IgE production and promotes eosinophil migration into the airways, but also causes airway hyperresponsiveness by acting on airway smooth muscle (ASM) cells. Infiltration of mast cells in the ASM represents one of the major pathological features in severe asthma (25, 26) , which may be importantly responsible for the difficulty in asthma control and airway hyperresponsiveness (Figure 1) . In certain severe asthmatics, increased infiltration of neutrophils in the airway can been seen (27) . The airway neutrophilic inflammation may result from modulation by Th17 cells. The latter could promote production of a few cytokines such as IL-17, IL-22 and IL-6, and thereby have a certain role in corticosteroid-resistant asthma. Not only so, by inhibiting the apoptosis of fibrocytes and epithelial cells, they also aggravate airway remodeling (28, 29) . Up-regulation of matrix metalloproteinase-9 (MMP-9) and transforming growth factor-beta (TGF-beta) concomitant with activation of neutrophils also adds to deterioration of the airway remodeling.
Worse severity of airway remodeling
Airway remodeling refers to the structural aberration of the airway as a consequence of repeated cycles of airway wall damages and repairs, and covers a cluster of pathological features including epithelial injury, goblet cell and mucous gland hyperplasia, mucinous metaplasia, subepithelial fibrosis, fibroblast activation and proliferation, thickened basement membrane, deposition of extracellular matrix (ECM) proteins, smooth muscle proliferation/hypertrophy, and angiogenesis. Airway structural cells (such as epithelial cells and smooth muscle cells) play an important role in the airway remodeling of severe asthma. They may be involved in the airway inflammation and remodeling by releasing various cytokines, chemokines and growth factors [such as epidermal growth factor (EGF), TGF-beta, keratinocyte growth factor, fibroblast growth factor (FGF), and vascular endothelial growth factor (VEGF)], and thereby cause persistent airflow limitation and worsened airway hyperresponsiveness. Compared with mild-tomoderate asthma patients, those with severe asthma may have earlier and more severe airway remodeling, remarkable thickening of the airway epithelial and smooth muscle layers (30, 31) , and significantly higher number of peripheral blood fibroblasts that can differentiate into myofibroblasts (32, 33) . Airway remodeling leads to lower airway elasticity, persistent or irreversible airflow limitation, progressive lung function decline, long-lasting airway hyperresponsiveness, and more severe symptoms, thus rendering asthma difficult to control ( Figure 2 ).
Connection with genetic factors
Given that both genetic and environmental factors participate in the development and progression of asthma, genetic susceptibility is also found in severe asthma patients. Genome-wide association analysis offers an important approach in identifying and validating gene mutations and gene polymorphisms that confer susceptibility to severe asthma (34, 35) . Understanding the biofunctional characteristics of these mutated genes may facilitate discovery of biological targets and novel therapeutic agents for different asthma phenotypes. Single nucleotide polymorphisms (SNPs) of IL-4 receptor alpha relate with persistent airway inflammation, acute exacerbation of severe asthma and submucosal mast cell infiltration (36) . Mutations of IL-6 receptor are linked to lowered lung function and asthma severity (37) . Development of severe or refractory asthma may be mechanistically underlined by pharmacogenetics which is associated with altered or attenuated response to asthma treatment in patients. For example, the patients harboring homozygous Gly16 SNP of beta-2 receptor show significant desensitization to bronchodilators (38, 39) ; corticotropin releasing hormone receptor 1 (CRHR1) polymorphisms are associated with resistance to corticosteroids (40) . Moreover, modifications in non-coding DNA regions (such as DNA methylation or structural changes of chromosomal histones) and certain microRNAs (miRNAs) may also relate with the development of severe asthma, rendering further research warranted (41) .
Lowered responsiveness to glucocorticoids
Severe asthma commonly manifests reduced glucocorticoid responsiveness, that is, no evident improvements in clinical symptoms or significant reduction of eosinophils in peripheral blood or sputum after treatment with glucocorticoids. Due to the presence of gene polymorphism, mutated-type glucocorticoid receptors (GR) exhibit lower binding affinity to their ligands (42) . The beta isoform of GR (GR-beta) may competitively inhibit the alpha isoform (GR-alpha) from exerting biological activity and block the nuclear translocation of GR-alpha directly or by affecting its transcription factor pathway (43, 44) . Increased GR-beta expression may lead to lower glucocorticoid sensitivity. Oxidative stress induced by cigarette smoking and several other factors may cause a reduction in histone deacetylase activity (45, 46) . This can be followed by activation of the p38 mitogen-activated protein kinase (p38-MAPK) pathway via cytokines like IL-4 and IL-13, which in turn phosphorylates GR and decreases its affinity with ligands, hence occurrence of corticosteroid resistance (47) . Therefore, suppression of p38-MAPK activity favors the improvement of glucocorticoid sensitivity (48) . Among obese asthmatics, lowered responsiveness to glucocorticoids could also be attributed to inhibition of MAPK phosphatase-1 (49) . Furthermore, blockage of GR by the pro-inflammatory transcription factor nuclear factor (NF)-κB and impairment of the Toll-like receptor signaling pathway are also believed to be connected with reduced glucocorticoid responsiveness in patients with severe asthma (50) . Figure 3 illustrates major mechanisms underlying the lowered glucocorticoid responsiveness.
Factors affecting asthma control
Asthma control may be affected by a number of factors, including patient adherence, environmental factors, medications, and comorbidities.
Poor patient adherence
Poor patient adherence to recommended treatments is one of the most important and common factors affecting asthma control. The reasons include (51): (I) refusing inhaled corticosteroids (ICS) therapy for the concern about potential adverse effects from steroids; (II) incapability to use the inhalation device properly; (III) failure to complete patientinitiated monitoring and evaluation of the condition in a proper and objective manner, such that self-tapering of doses or discontinuation of medications is arbitrarily decided when symptoms appear to improve; (IV) missing scheduled followup visits; and (V) using "folklore remedies" that claim to "cure" asthma, without discussing with the physician.
Environmental factors
Environmental factors in this setting mainly include allergens, tobacco smoke, air pollution, and occupational exposure. Asthma is difficult to control with lingering effects of environmental factors.
Common allergens
(I) Indoor and outdoor inhalant allergens: such as dust mites, molds, pollens (52), cockroaches, animal dander and secretions, silk and perfumes; (II) food allergens: such as hen eggs, dairy products, meats, soybean products, seafood, fruits, and nuts; and (III) contact allergens: such as cosmetics, hair dyes, and paints.
Tobacco smoke
Smoking during pregnancy and active or passive smoking during childhood can increase the incidence of asthma. Cigarette smoking is not only a trigger for asthma, but also an important cause of severe cases. It also adds to the difficulty for asthma control, and alters the inflammatory process in these patients. Of all emergency visits due to asthma exacerbation, nearly 35% of the patients have a history of smoking. Compared with non-smoking patients, active-or passive-smoking asthma patients may experience more severe symptoms, more episodes of symptom onsets, and faster decline in lung function. Smoking also leads to treatment resistance. Smokers showed lower response or resistance to inhaled or oral corticosteroids, and disrupted theophyllines metabolism by a 50% reduction in half-life of the drug, compared with non-smoking asthmatics. Passive smoking in adults and children is associated with poor efficacy of asthma treatments. Smoking cessation helps to control the symptoms and reduce acute exacerbations (53) .
Air pollution
Atmospheric particulate matter of less than 2.5 micrometers in diameter (PM2.5), nitrogen oxides, nitrogen dioxide (NO 2 ), ozone, sulfur dioxide (SO 2 ), carbon dioxide (CO 2 ), acidic aerosols, formaldehyde, fuel fumes, paints, chemicals (such as volatile organic compounds and chlorine), and biological contaminants (such as endotoxins), when inhaled into the airways, may trigger or aggravate asthma through oxidative stress injury, inflammatory pathways, abnormal immune responses, and hyper-sensitivity to allergens. Paralleled with increasing air pollution, asthma appears to become more symptomatically severe, and is associated with more emergency visits and hospital admissions. A growing body of evidences suggests that severe asthma is closely related to air pollution (54) .
Occupational exposure
As many as 300 occupational sensitizers have been reported. At workplace, inhalation of dusts or gases containing animal and plant proteins, organic and inorganic chemicals (e.g., phthalic anhydride, toluene diisocyanate) may induce asthma through allergic (e.g., anhydrides or cereals) or nonallergic (e.g., isocyanates) pathogenesis (55) . The everdeveloping industrialization is expected to correlate with a rising trend in the incidence of occupational asthma. Asthma is work-related in 9% to 15% of adults, among which, occupational exposure makes the asthma difficult to control (56) . Avoidance of occupational exposure should therefore become the most important measure for prevention in these settings.
Medications
Asthma can be induced or aggravated by certain medications. To date, several hundreds of medications have been found to potentially cause asthma (57) . These include the prostaglandin synthesis-inhibiting non-steroidal anti-inflammatory drugs (NSAIDs) (e.g., aspirin), beta-blockers, and angiotensin-converting enzyme inhibitors (ACEIs). The underlying mechanisms are categorized into two scenarios, drug allergies and drug reactions. Herein, drug allergy refers to intolerance or allergic reaction in a patient to certain medicines (e.g., aspirin, penicillin, sulfites, tartrates, food additives). Allergy to aspirin is seen in 2% to 25% of adult patients with asthma. Drug reaction refers to induction of asthma symptoms as a result of pharmacological actions of certain medicines (e.g., NSAIDs, beta-blockers, ACEIs).
Comorbidities
A number of comorbidities may interfere with asthma control. Table 1 is a list of such conditions commonly seen in severe asthma.
Upper respiratory infection (URI)
Respiratory viral infections are linked to onset and exacerbation of asthma (58) (59) (60) (61) . Among these, respiratory syncytial virus (RSV) is the most major risk factor for wheezing in babies and young children, accounting for nearly 70% of the cases, followed by rhinovirus, adenovirus, human metapneumovirus, and bocavirus. RSV infection is also associated with refractory asthma. In adults, infections with aspergillus, mycoplasma pneumoniae, and chlamydia may also play a role in asthma.
Rhinosinusitis and nasal polyps
Rhinosinusitis and nasal polyps are commonly seen in severe asthma. 75% to 80% of all asthma patients (62, 63) , or 54% of patients with severe asthma (late-onset asthma in particular) (64) , are comorbid with rhinosinusitis/ nasal polyps. Chronic rhinosinusitis with nasal polyps (CRSwNP) as a comorbidity further complicates asthma control, compared to chronic rhinosinusitis without nasal polyps (CRSsNP) (65) . Asthma patients with nasal polyps usually report more acute exacerbations or greater need for hospital admission. In Belgium and China, studies showed that compared to asthma-CRSsNP patients, those with asthma-CRSwNP have significantly more severe eosinophilic inflammation, and higher levels of eosinophil cationic protein (ECP), and myeloperoxidase (MPO). In severe asthma patients who have rhinitis and Th2-biased eosinophilic polyps, serum staphylococcal enterotoxins have been shown to aggravate eosinophilic inflammations, increase IgE formation and its titer (66) . The severity of rhinosinusitis relates to airway inflammation and lung • Gastroesophageal reflux disease dysfunction in asthma, which is possibly underlain by the following mechanisms: (I) nasal mediator release: due to similarity in inflammation between the upper and lower airways, inflammatory cells from nasal exudates may reach the lungs through systemic circulation, where they exert certain biological effects and cause airway hyperresponsiveness; (II) nasobronchial reflex: inflammatory stimulation of rhinosinal mucosa may be passed on via the parasympathetic nasobronchial reflex arc, and ultimately, through "neurally mediated amplification", causes remote bronchospasm; (III) direct effects of postnasal drip: the inflammatory products of the nasal mucosa drain directly into the lower airway through the oropharynx, resulting in constriction or worsened inflammation of bronchial smooth muscles, which in turn elicits onset of asthma or adds to inflammation and obstruction of the airways; and (IV) impaired mucociliary clearance function: inflammation in upper and lower airways exposes the M-cholinergic nerve receptors found on epithelial cells. Treatment of rhinitis, sinusitis, and nasal polyps helps improve asthma control, especially in patients with severe asthma necessitating use of systemic corticosteroids.
Sociopsychological factors
A survey in the UK showed that the frequency and severity of asthma symptoms are relatively higher among people with a low socioeconomic status. Another study that investigated the prevalence of allergic asthma in the US found that hospital-admission and mortality rates due to asthma are higher in patients with a lower income. Asthma can be a psychosomatic illness influenced by an interplay among somatic, psychic and social factors. Excessive mental stress or pressure during pregnancy may result in higher incidence of asthma in off-springs (67) . Intense mental irritation, anxiety, fear, anger and excitement, all can trigger and aggravate asthma. Such effect is most predominant with anxiety, followed by anger, depression, fear, and excitement. Comorbidity with anxiety and depression was noted in 25% to 49% of adult patients with severe asthma. Negative emotions, such as anxiety, depression and resentment, may promote secretion of histamines that may cause or aggravate asthma. While mental factors may elicit asthma, the latter can also incur negative emotions, thereby forming a vicious cycle that hinders asthma control (68) . Studies using Minnesota multiphasic personality inventory (MMPI) have shown that individuals with significant mental disorders are more likely to have severe asthma. This subset of patients usually shared certain characteristic psychology in common, such as lack of confidence in overcoming their condition, strong feelings of helplessness, and even worse, desperate denial of the disease and rejection of others' assistance. These mental problems adversely affect the severity, progression and treatment outcomes of asthma; not only so, they also interfere with the patient quality of life, mental well-beings, personality, family relationships, and social activities. Obviously, correction of these problems is important for prevention of asthma attacks in the patients.
Vocal cord dysfunction (VCD)
VCD is a non-organic dysfunction in which the paradoxical adduction of vocal cords and hence narrowing of the glottis during inspiration causes airflow obstruction at the throat level. VCD is manifested by symptoms of extra-thoracic airway obstruction, such as recurrent dyspnea, wheezing, cough, shortness of breath, and chest tightness. Typically, VCD is seen among teenagers, and in whom, frequently diagnosed with persistent asthma and treated with high-doses of ICS, systemic corticosteroids, and bronchodilators (69) . Concomitant sinusitis or gastroesophageal reflux disease (GERD) can aggravate VCD. When comorbid with asthma (especially with severe asthma), VCD may add to the complexity of asthma diagnosis and disease severity. In VCD patients, but not asthmatics, the inspiratory flow-volume curve appears flat or truncated.
Obesity
This is a major risk factor for asthma in children and adults, leading to lowered quality of life, greater body mass index (BMI), more asthma-related missed school days, longer hospital stay, increased emergency visits and limitations in activities. Due to prolonged intensive care unit or hospital stay, obese children with asthma usually receive higher doses of oxygen therapy, salbutamol, and intravenous corticosteroids, and also suffer more serious illness, compared with normal-weighted asthmatic children (70, 71) . Severe asthma seems to be increasingly serious in parallel with greater BMI-about 70% of patients with severe asthma are overweight or obese. Asthma in the obese is typically irresponsive to inhaled glucocorticoids, and frequently presents a unique clinical phenotype: comorbidity with GERD, increased proton pump inhibitors use, higher T-scores of bone mineral density, reduced forced vital capacity (FVC), lower serum IgE levels inversely correlated with increasing BMI, and often with a history of eczema rather than nasal polyps. The following mechanisms are believed to underlie the impacts of obesity on asthma:
(I) mechanical factors: in these obese patients, the alterations in respiratory mechanics caused by excessive fat deposition in the diaphragm, chest wall, and abdominal cavity result in lower compliance of the lungs and thoracic cage, upward shifting of the diaphragm, hence reductions in lung volume, functional residual capacity, forced expiratory volume in one second (FEV 1 ) and FVC. In turn, these lead to rapid shallow breathing and impaired central respiratory drive. The severity of restrictive ventilation dysfunction is positively correlated with obesity. Along with higher BMI, the FEV 1 /FEC ratio gradually falls (decreasing by >1% for every 5-unit increment in BMI); (II) up-regulated inflammation in the airways: obesity is a systemic (as well as airway) inflammatory condition featured by massive involvement of pro-inflammatory cytokines and adipokines (leptin, adiponectin, resistin, IL-6, tumor necrosis factor-alpha and C-reactive proteins); and (III) comorbid diseases: compared with the non-obese, obese patients are more likely to have sleep-disordered breathing, GERD, and dyslipidemia (72) .
Obstructive sleep apnea hypoventilation syndrome (OSAHS)
Compared with the general population, OSHAS is more prevalent as comorbidity in asthma patients, and in whom, also called alternative overlap syndrome. OSAHS causes recurrent exacerbation of asthma and therefore makes asthma control difficult (73) (74) (75) . Aggravation of asthma by OSAHS may be underlain by several aspects: (I) nerve reflex: apnea-induced stimulation of neural receptors at the larynx and glottis may give rise to reflexive bronchoconstriction. Consequently, upper airway narrowing results in increased airway resistance, negative chest pressure, and high vagal tone, thereby causing airway hyperresponsiveness or wheezing; (II) airway inflammation: in OSAHS, the upper airway and systemic inflammation can involve the lower airway, leading to asthma and even the risk for onsets of fatal asthma; (III) OSAHS is frequently accompanied by GERD. In these patients, the increased negative chest pressure and intra-abdominal pressure, hence a great difference between chest and abdomen pressures, facilitate reflux of gastric acids. The latter can subsequently lead to development of laryngitis and laryngeal edema that add to upper airway obstruction; (IV) airway remodeling: nocturnal intermittent hypoxia in OSAHS patients may cause up-regulated expression of hypoxia inducible factor (HIF) which is shown to relate to airway remodeling; and (V) obesity: the high levels of leptin found in OSAHS patients may lead to airway hyperresponsiveness, and moreover, cause obesity via insulin resistance and lipid metabolism disorders. All of these make asthma difficult to control.
Endocrine considerations
Asthma can become exacerbated or worsened around menstruation, at menarche, in menopause, or with concomitant thyroid disorders. Perimenstrual asthma (PMA) is seen among nearly 40% of female asthmatics of childbearing age (76) , usually presenting with difficult-tocontrol symptoms that may trigger life-threatening asthma. It has been currently believed that asthma plays important roles in development of allergic inflammation as an immune response, and in influencing the neuroendocrine functions in the body (especially of the hypothalamus), while neuroendocrine functions in turn exert significant regulatory actions in immune responses. Patients with PMA frequently have concomitant allergy to aspirin and a low predicted FVC% value, suggesting the pivotal role of prostaglandins in PMA. In these patients, dramatically lowered levels of estrogen and progesterone can be noted to last for 2 to 7 days around the menstruation, which could trigger inflammations and thereby cause aggravation of asthma symptoms (77) . Severe asthma in females can be comorbid with hyperthyroidism crisis. Altered thyroid function is associated with the risk for asthma. Thyroid hormone receptor gene polymorphisms have been shown to influence patient response to bronchodilators, suggesting that at least to a certain extent, thyroid hormones may intersect with mechanisms of airway constriction in asthma (78) .
GERD GERD refers to a series of clinical syndromes elicited by frequent reflux of gastric contents via the lower esophageal sphincter into the esophagus. About 60% to 80% of patients with asthma have concomitant GERD (62, 63) . Studies showed that the proportion of GERD (34% to 89%) is significantly higher in asthma (severe asthma in particular) than that in the general population (5% to 10%). Probable mechanisms that underlie asthma aggravation by GERD (79,80) include: (I) patients with GERD-comorbid asthma often suffer autonomic dysfunction with vagal overactivity, which leads to frequent, transient relaxation of the hypotonic lower esophageal sphincter. The reflux of acidic gastric contents then stimulate the mucosal receptors at middle and lower parts of the esophagus, resulting in contraction of the bronchial smooth muscle through vagal reflex; (II) aspiration of regurgitated gastric contents into the airways can increase the bronchial hyperresponsiveness to other stimulants such as acetylcholine; (III) microaspirations of gastric contents may cause airway acidification and subsequently cause airway contraction by direct stimulation of vagal nerve receptors, resulting in higher airway resistance and significant airway hyperresponsiveness; and (IV) the acidic gastric contents may activate local axonal reflexes, which promotes proinflammatory mediators (e.g., substance P) release from bronchial mucosa and eventually results in airway edema. Patients with typical GERD-like symptoms, e.g., burning retrosternal sensation, recurrent cough, or coughing after acidic foods/drinks consumption or overeating should be evaluated for GERD.
Clinical phenotypes
Exact definitions and consistent criteria for the concept of asthma phenotypes remain lacking. Despite this, given the differences in clinical characteristics and responsiveness to medications, clinical phenotyping of asthma favors individualized treatment for severe asthma patients. Currently, based on the clinical manifestations and characteristics of pathophysiology and imaging studies, the clinical phenotypes of severe asthma are proposed as follows ( Table 2) .
Early-onset allergic asthma
The age-of-onset is a useful determinant for adult asthma phenotypes (81) . Although a definite age cut-off remains lacking for early-onset allergic asthma, this phenotype usually includes most of adult asthma with childhood onset. In general, asthma patients with this phenotype generally have medical or family history of allergy (e.g., allergic rhinitis or allergic dermatitis) (81, 82) , positive skin prick tests, and show good response to glucocorticoids (83, 84) . The elevated levels of proinflammatory Th2 cytokines (IL-4, IL-5 and IL-13) and Th2-associated inflammatory biomarkers (induced sputum eosinophils, FeNO, total serum IgE and periostin) (85) (86) (87) suggest that asthma patients with this phenotype may benefit from inflammation-targeted therapy.
Late-onset persistent eosinophilic asthma
Persistent eosinophilic airway inflammation is commonly seen in the phenotype of late-onset persistent eosinophilic asthma (82, 88) . Asthma in adults of this phenotype typically occurs later in life, and is more severe at onset, frequently accompanied with medical history of rhinosinusitis or nasal polyps (82) . Even though a history of allergy is not present, the increased levels of Th2-associated inflammatory mediators (e.g., IL-5, IL-13 and FeNO) may be detected and often be linked to comorbidities such as nasal polyps (23) . Patients of this phenotype often show "corticosteroid resistance" (89), but mostly would experience significant improvements in symptoms and lung function when given systemic corticosteroids. Still, these patients could benefit from the use of glucocorticoids (90-92).
Frequent exacerbators
Acute exacerbation is common in severe asthma, though the number of episodes varies across different phenotypes. Frequent asthma exacerbators are usually smokers, with worse control of asthma, lower quality of life, higher levels of FeNO and sputum eosinophils, faster decline in pulmonary function, and greater ICS use. Attention on these patients may be clinically relevant for monitoring of asthma, reducing future risk of acute exacerbations, and evaluating prognosis (93, 94) . This phenotype, previously described as brittle asthma, falls into two types. Type I generally refers to the scenario where high variability peak expiratory flow (PEF >40%) persists despite use of high-dose ICS, commonly seen in female patients aged 15-55 years old and with history of allergy and positive skin prick test; Type II generally refers to the scenario where a sudden exacerbation occurs without any significant prodrome and notwithstanding that the asthma is well controlled, and rapidly progresses into a life-threatening condition. In-depth identification of these two types of asthma can be of great importance in effectively assessing the risk of exacerbations and educating the asthma patients on allergen avoidance and first-aid measures.
Asthma with persistent airflow limitation
Patients with this phenotype suffer more severe impairment of pulmonary function, and some may gradually develop "fixed" or "persistent" airflow limitation. The risk factors include adult onset, male gender (95), smoking (90), environmental exposures (e.g., occupational exposure) (96), inadequate ICS therapy during acute exacerbation of asthma (97), low FEV 1 baseline (98), chronic mucus hypersecretion (98) and persistent eosinophilic inflammation in blood and sputum (98) . In addition, this phenotype may be associated with high levels of proinflammatory biomarkers (e.g., sputum periostin) (99) . Asthma patients with this phenotype usually report greater use of inhaled/oral corticosteroids.
Obesity-related asthma
Obesity, considered as a risk factor of asthma, may affect airway inflammation and asthma control. Compared with the normal-weighted, obese patients with severe asthma usually present with worse lung function (e.g., lower FVC), are more likely to have concomitant eczema or GERD but less likely report a history of nasal polyps. The total serum IgE in these patients decreases along with greater BMI. Meanwhile, obese asthmatics appear more dependent on systemic corticosteroids and daily use of as-needed shortacting beta-2 agonists (100). 
Diagnosis and assessment of severe asthma
Given great differences in asthma patient perception of symptoms, adherence to treatment, medication administration techniques, as well as numerous factors that affect asthma control, a diagnosis of severe asthma should be made only after regular treatment and follow-up by asthma specialists (101) .
Items for diagnosis and assessment
Patients with severe asthma should undergo a careful and allrounded assessment, using major items as listed in Table 3 .
Steps for diagnosis and assessment
The following four steps are recommended to diagnose and assess severe asthma (102, 103) .
Determining the diagnosis of asthma
A typical medical history may prompt for the diagnosis of asthma in most patients. However, severe asthma may be more complicated in clinical manifestations, less characteristic of typical asthma, and therefore readily confused with other asthma-like diseases. While the diagnosis of severe asthma should be made in accordance with the criteria in GINA and Chinese guidelines for the diagnosis and treatment of asthma, special notes on two aspects are yet to emphasize: (I) all severe asthma patients need to undergo a complete pulmonary function test that includes bronchial provocation test and/or bronchodilation tests, diffusion capacity, as well as monitoring of peak flow rate. If necessary, the pulmonary function test needs reevaluation in these patients after a course of therapeutic trial; and (II) imaging studies of the chest, high-resolution computerized tomography (HRCT) in particular, are not routinely recommended as a diagnostic tool, regardless of their high value in differentiating asthma from other lung disorders. HRCT can be preserved for those with atypical symptoms, such as massive sputum, rapid decline in lung function, and reduced diffusion capacity. Certain diseases with clinical manifestations that mimick asthma need careful study ( Table 4 ).
Identifying severe asthma
Asthma control should be subject to comprehensive and all-rounded assessment according to GINA criteria. The common features of uncontrolled severe asthma are: (I) poor symptom control: ACQ score >1.5, ACT score <20, or in consistency with a GINA-defined uncontrolled asthma; (II) frequent exacerbations: the need for 2 or more burst of systemic corticosteroids in the previous year (>3 days each); (III) serious exacerbations: at least one hospitalization or ICU stay or the need for mechanical ventilation related to asthma in the previous year; (IV) persistent airflow limitation withholding FEV 1 <80% predicted and FEV 1 /FVC below lower limit of normal despite adequate bronchodilator use (104, 105) ; and (V) asthma is maintained under control with high-dose ICS or systemic corticosteroids (or biologic pharmaceutical agents) but worsens with lower dosage.
Identifying the presence of comorbidities and risk factors
Comorbidities and risk factors that affect asthma control may be present in patients with severe asthma. Before assessing these aspects, patient adherence and inhalation techniques should be evaluated in the first place. The adherence to oral medications can be assessed by measuring the serum levels of cortisol or theophylline, and that with inhaled medications, by using an inhaler mounted with electronic monitor or connected to a smartphone application via Bluetooth. For non-compliant patients, further patient-physician communications are needed, such that individualized management strategies could be developed (106) . In addition to treatment adherence, comorbidities associated with severe asthma include atopy and allergies (including sensitization to fungi), rhinosinusitis, nasal polyps, obesity, and neuropsychiatric factors (esp. anxiety and depression). Active or passive smoking and air pollution are also significant causes of poor asthma control (107) .
Distinguishing among asthma phenotypes
The phenotypes of asthma result from the interaction between genetic and environmental factors. Although a widely accepted definition of specific asthma phenotypes remains so far unavailable, identifying certain features of an asthma phenotype will favor predicting the natural course of asthma in different patients, and may ultimately lead to decision on targeted therapy of other effective treatments. Since response to treatments varies greatly among asthma phenotypes, properly distinguishing among these phenotypes may contribute to more specific treatment for asthma patients (10) . Figure 4 shows the flowchart for diagnosis and assessment of severe asthma.
Improving patient adherence to treatment
This is a major concern in clinical practice as how to do. The solution starts by evaluating the patient adherence and sorting out what preludes the poor adherence, until a adherence-improving strategy could be tailored according to specific problems with the patient (1). Furthermore, developing inhaler devices with a reminder for missed doses, and promoting the use of interactive voice response (IVR) system and mobile-internet healthcare platform may also add to improving patient adherence.
Mastering inhalation techniques
A variety of inhalers are commercially available. Improper use of inhalation devices may result in poor asthma control, increased risks for acute asthma exacerbations and drugrelated adverse effects, or even patient refusal to receiving inhaled medications. Thus, it is important to master the proper usage of inhalation devices (108) . International studies have found that 70-80% of the patients were unable to use their inhalers correctly; not only so, a number of physicians failed to instruct their patients on how to use the inhalers properly (109), pinpointing the great necessity for patient training on the inhaler use. To this end, the 2014 GINA recommended (1) that the choice of inhalation device should be based on drug availability, patient conditions and costs, ideally with patient preference, and that using pressurized metered dose inhaler (pMDI) connected to a spacer may improve drug delivery and reduce drug-related adverse effects.
Promoting self-management capacity
Asthma self-management under effective guidance from a health education team (including physicians, pharmacists, and nurses) may dramatically lower debilitation from asthma, and reduce one to two thirds of asthma-related hospitalizations, emergency and unscheduled office visits, missed work/school days, and nocturnal wakening (1) . An asthma action plan developed with assistance of physicians will help meet these goals. A good action plan should include self-monitoring, periodic evaluation of treatment regimens and asthma control, strategies on how to promptly adjust the treatment regimen to maintain asthma control when symptoms and/or PEF indicate a change in asthma control level and how to get timely treatment. The most commonly used tools for assessment and monitoring of asthma include asthma control test (ACT), portable PEF meter and asthma diary. Proper use of PEF meter and an accurately written asthma diary are both effective in preventing and reducing asthma attacks. Information available in asthma diary helps physician and patient properly assess the asthma severity, control level and treatment response (110) , sort out how the asthma attacks relates to treatment, and thereby facilitates the selection and adjustment of medications.
Environment control
Effective allergen reduction or avoidance (I) House dust mites: hot wash your bedsheets and blankets weekly and dry them in a dryer or direct sunlight. Encase all pillow and mattress with protector covers. Choose floorboards rather than carpets, especially for the bedrooms (if possible, use a vacuum cleaner with filter, eliminate the mites with acaricides or tannic acids, but make sure that the asthma patient is out of the house when doing these). 
Pharmaco-psychotherapy
For patients with mental disorders that failed supportive psychotherapies, anxiolytics or antidepressants may be considered to relieve their negative emotions, so as to help asthma control.
Medications for asthma
Corticosteroids
Combined use of high-dose ICS and oral corticosteroids is often indicated in severe asthma.
ICS
In general, a higher dose of ICS offers more potent antiinflammatory action. Definitions for high daily doses of ICS, as defined by the 2015 GINA, are shown in Table 5 (1). Individual difference exists in the dose-response relationship of ICS. Continued increase in ICS dose ( > 2 , 0 0 0 µ g / d b e c l o m e t h a s o n e e q u i v a l e n t ) a n d administration of ultra-fine ICS formulations might be more effective for severe asthma, and meanwhile associated with less use of systemic corticosteroids, but so far these have been bolstered only by weak evidences (2, 114) . For patients with corticosteroid-dependent asthma, highdose ICS therapy may lead to lower maintenance doses of oral corticosteroids and hence less steroid-related adverse effects. Ciclesonide, used as a drug precursor, is converted to a pharmacologically active metabolite (des-ciclesonide) by esterases in lung tissues after inhalation, with 100-fold activity compared with its parent compound. Ciclesonide spray could be administered once daily, owing to the finesize drug particles that enables far-reaching access to distal bronchioles and alveoli, with a >50% deposition rate in both lungs. Ciclesonide quickly gets metabolized in the lungs but rarely becomes activated in the oropharynx, and thus shows little systemic and topical side effects (115) . Satisfactory therapeutic efficacy and safety profiles of ciclesonide in severe asthma have been demonstrated by clinical trials (115, 116) . However, it is noteworthy that extremely large dose of ICS may increase the risk for adverse effects, including adrenal suppression, and growth retardation in children.
Oral corticosteroids
For severe asthma patients whose symptoms remain uncontrolled on ICS with high maintenance dose, addition of oral corticosteroids for maintenance therapy is usually indicated. In corticosteroid-dependent asthma, determining a minimal maintenance dose of oral corticosteroids for long-term use should be indispensable. A daily use of ≤7.5 mg prednisone or equivalent has been reported to be effective for severe asthma in adults. While biomarkerbased guidance of corticosteroid use in clinical settings has been proposed, the value of sputum eosinophil counts and/ or FeNO level in management of severe asthma remains controversial. Systemic corticosteroids use is associated with higher risks for bone fractures and cataract. The increase in body weight following use of systemic corticosteroids also compromises asthma control. Therefore, patients on longterm systemic corticosteroids or high-dose ICS should be monitored for body weight, blood pressure, blood glucose, eye conditions, bone density, and growth status (in children) (2) .
Long-acting intramuscular corticosteroids
Intramuscular administration of triamcinolone (3 mL), a long-acting corticosteroid, has been reported to be useful in corticosteroid-insensitivity severe asthma in literature (2, 90) . Unfortunately, the drug-related adrenocortical suppression and dependence liability alert for avoidance of triamcinolone misuse.
Beta-2 receptor-agonists
Chronic airflow obstruction may persist in many severe asthma patients treated on ICS plus short-acting beta-2 agonists (SABAs) and/or long acting beta-2 agonists (LABAs). Using LABA in combination with stepwise increasing dose of ICS may further improve asthma control. When not combined with ICS, overdose of beta-2 agonists alone (SABA and/or LABA) may cause worsening of asthma. Importantly, monotherapy with beta-2 agonist exceeding the recommended dose would increase asthma-related mortality (2) . Subcutaneous injection of terbutaline may help control attacks of severe asthma and reduce hospital admissions (117) . In certain cases, subcutaneous self-administration of adrenaline with preloaded syringes can be a treatment for type II brittle asthma (118) .
For management of severe asthma, ICS in combination with LABA (salmeterol or formoterol) provides significantly greater efficacy compared with either alone. Currently in clinical settings, the widely used LABA/ICS combination products include budesonide/formoterol (320/9 µg), fluticasone/salmeterol (500/50 µg) and beclomethasone propionate/formoterol (100/6 µg). Formulations combining ICS and certain once-daily LABAs (including indacaterol, carmoterol, olodaterol, and vilanterol), are evaluated in ongoing clinical trials. Combination inhalers of fluticasone furoate/ vilanterol and mometasone /indacaterol are now commercially available (115) . Studies have demonstrated the therapeutic efficacy of fluticasone propionate/formoterol and fluticasone furoate/vilanterol in patients with severe asthma (119) (120) (121) .
Anticholinergics
Ipratropium spray, a short-acting anticholinergic, may relieve wheezing and reduce adverse effects related to overdose beta-2 agonists (e.g., tremors and palpitations) in severe asthma patients (2) . In severe asthma patients treated on moderate-to-high dose ICS with/without LABA, addition of tiotropium, a long-acting muscarinic antagonist (LAMA), may reduce air trapping and acute exacerbations (122) , and also improve the lung function (123, 124) . Clinical trials with the once-daily glycopyrrolate and umeclidinium, and the twice-daily aclidinium bromide, are ongoing. Triple therapy with budesonide, formoterol, tiotropium (LABA/LAMA/ICS) has been approved for asthma in several countries. Other triple combinations, such as "budesonide, formoterol and glycopyrrolate bromide", "mometasone, indacaterol and glycopyrrolate bromide" and "fluticasone furoate, vilanterol and umeclidinium bromide" formulations, are now in clinical trials (122) .
Theophyllines
For patients with severe asthma, a combination of theophylline with ICS can facilitate asthma control. Addition of theophylline to low-dose ICS may dramatically improve PEF rate and asthma control in smokers with corticosteroidinsensitivity asthma. However, the role of theophyllines in severe asthma has not yet been delineated (2) .
Leukotriene receptor antagonists (LTRAs)
A few studies on LABA-naive patients with moderate-tosevere asthma have shown certain improvement in lung function following combination use of ICS and LTRAs. However, data remain inconclusive regarding whether aspirin-allergic patients show better response to LTRAs compared with non-aspirin-allergic subjects (2) . 
Immunosuppressants and antimetabolites
Clinical studies have indicated that, methotrexate may remarkably reduce the dosage of oral corticosteroids in asthma patients who has developed dependence to the latter, usually by a mean of 50%, after 4 to 5 months of continuous treatment. Given their adverse effects, the use of these medicines should be reviewed and guided by specialists. Other drugs in this category include intravenous immunoglobulin, depsone, colchicines, hydroxychloroquine and cyclosporine-A. A lack in high-level evidences for the therapeutic efficacy and safety precludes the routine use of these agents.
Other medications Macrolides
Low-dose oral macrolides (e.g., clarithromycin, azithromycin) have been reported to be beneficial in treatment of severe asthma by attenuating neutrophildominated airway inflammation and hyperresponsiveness; in light of potential drug-resistance, drug-related adverse effects (ototoxicity, QT interval prolongation) and uncertainty in therapeutic gains, though, macrolides are not recommended for patients with severe asthma (2) . Antifungals Antifungal therapy in severe asthma complicated with recurrent allergic bronchopulmonary aspergillosis (ABPA) may reduce the risk of acute asthma exacerbation and improve symptoms. In contrast, antifungals are not recommended for as a treatment in non-ABPA-complicated severe asthma, for concerns over the interactions between antifungals and other medications, drug related adverse effects, increased medical costs, as well as uncertainty in clinical benefits.
Overview of novel therapeutic agent and approach
Biological agents
The chronic airway inflammation in asthma is driven mainly by an excessive Th2 response involving higher levels of IL-4, IL-5, IL-13 and IgE in the circulation, and elevated counts of eosinophils in the airway. However, normal levels of circulatory Th2 cytokines have been reported in part of asthma patients. Therefore, asthma can be classified into two phenotypes based on Th2 cytokine levels: Th2-high and Th2-low. Until recently, biological agents used in targeted therapy for the Th2-high phenotype has been one of the hot topics in research and development of novel anti-asthmatic medications. Biological therapy brings new hope to patients with severe Th2-driven asthma.
Anti-IgE monoclonal antibody (mAb)
Anti-IgE mAb specifically binds to the FcεRI sites of IgE and thereby interferes with IgE binding to a number of target cells such as mast cells, basophils, and thus inhibits IgE-mediated activation and degranulation of mast cells and basophils. Omalizumab is the first approved anti-IgE mAb for treatment of asthma. In majority of clinical studies, Omalizumab has been confirmed to lower the frequency of exacerbation of severe asthma, and to a certain extent, improve life quality, asthma symptoms and the pulmonary function (125, 126) . As early as in the 2006 updates on GINA, Omalizumab has been recommended as the treatment step 5 for asthma, i.e., for allergic severe asthma which remains symptomatically uncontrolled on high-dose ICS plus LABA and other controller therapy. Currently, the latest GINA update has re-defined this treatment step 5 to an "add-on" therapy for asthma, meaning that it is used as an optional therapy added on conventional medicines (such as ICS/LABA) and no longer used separately.
The optimal dosage and frequency for Omalizumab therapy depend on serum IgE level and body weight of the subject, usually ranging from 70 to 600 mg per dose for each subcutaneous injection in every 2 to 4 weeks apart. Long-term Omalizumab is with good safety profiles and does not increase the risk of malignancies. The adverse effect is chiefly the topical reaction at the injection site. Alerts should be prompted for the hypersensitivity reaction after injection, as life-threatening allergy was reported in sporadic cases. A close observation of the patient is therefore mandatory after injection.
Anti-IL-5 mAb
IL-5 is the most important cytokine which mediates eosinophil production from differentiated stem cells in bone marrow and eosinophil proliferation in the human body. Anti-Il-5 mAb works by inhibiting the proliferation of eosinophils through IL-5 blockage. Early trials with anti-IL-5 mAb failed to meet primary clinical endpoints. Later trials with new study design to include severe hyper-eosinophilic asthma patients show that anti-IL-5 mAb therapy results in nearly 50% reduction in acute exacerbations, one-third less emergency visits or hospitalization, lower dosage of oral corticosteroids, as well as improvements in asthma control and lung function (127, 128) . Towards the end of 2015, anti-IL-5 mAb (Mepolizumab) has been approved for use in the US and EU. Other related mAbs are now in development, such as Reslizumab (anti-IL-5 mAb) and Benralizumab (anti-IL-5 receptor mAb).
Anti-IL-4 and anti-IL-13 mAbs
IL-4 and IL-13 are important Th2 cytokines with key roles in the development and progression of inflammation in asthma. Research findings with anti-IL-13 mAb (Lebrikizumab) for treatment of severe asthma showed that Lebrikizumab reduces over 50% of acute exacerbations in severe asthma patients with high serum periostin (a marker of Th2-dependent inflammation) levels, but appears ineffective in those with low serum periostin levels (129) , suggesting that anti-IL-13 mAb can be clinically effective only when used in those with Th2-high phenotype of asthma.
Anti-IL-4 receptor mAb (Dupilumab) may specifically bind to the IL-4 receptor alpha subunit and thereby block the biological actions of IL-4. In a clinical study on moderate-to-severe hypereosinophilic asthma (130) , Dupilumab was shown to offer dramatic treatment outcomes by reducing nearly 90% of acute exacerbation. However, as that study was limited by sample size, the efficacy of Dupilumab needs further validation with more patients included in the future.
In addition to these, many other biological agents targeting various checkpoints in asthma inflammation are now in clinical trials with efficacy pending verification. Overall, the above mentioned Th2 response-targeted agents may reduce acute exacerbation of severe asthma by more than 50%, and to a certain extent, improve life quality, lung function and asthma symptom scores. The launch of these novel biological agents will bring new hope to patients with Th2-high phenotype of severe asthma, and will also herald a new era of individualized asthma treatment. However, asthma is a highly heterogeneous entity with complicated inflammation involved within. A single anti-inflammation approach would be difficult to account for complete control of the development and progression of inflammation in asthma. Therefore, currently available biological agents are used merely as a supplementary to severe asthma treatments, and yet should not substitute for conventional medications.
Bronchial thermoplasty (BT)
BT is a novel non-pharmacological, bronchoscopic intervention for asthma, designed to reduce the mass of ASM, attenuate bronchoconstriction (131) (132) (133) (134) (135) , enhance asthma control, improve life quality, and cut down the doses of pharmacotherapy (136) (137) (138) (139) . In light of its increasingly confirmed therapeutic efficacy and safety profiles by studies (140) (141) (142) (143) , BT was officially approved for treatment of severe asthma in China in March 2014. Mechanistic study (144) also shows that BT reduction of the ASM mass may lead to less production of angiogenic factors, thereby delaying the progression of airway remodeling.
As well-demonstrated by international studies, despite the post-thermoplastic increases in short-term risk for worsening of asthma, in adverse respiratory events (e.g., post-procedural dyspnea, cough, wheezing, sputum, night awakening, hemoptysis, upper airway infection, atelectasis, lung abscess and other procedure-related events), and development of non-specific symptoms such as fever, headache and vocal hoarseness (136) (137) (138) (139) 145, 146) , these usually resolve within 7 days of the procedure (147) . Over 5-year follow-up observations, BT was not found to be associated with any long-term complications (148, 149) . Meanwhile, asthma patients who underwent BT had significantly less asthma-related emergency visits and hospitalization, and none of them had post-thermoplastic airway architectural changes (e.g., bronchiectasis or airway constriction) under HRCT and bronchoscopy (136) (137) (138) (139) 145, 150) .
In April 2010, the US Food and Drug Administration (FDA) approved BT for the treatment of severe persistent asthma in patients 18 years and older whose asthma is not well controlled with adequate ICS and LABA therapy. In 2014 and 2015 updates of GINA, recommendation about BT were upgraded to level B evidence, such that BT has been listed as a conventional option in the treatment Step 5, in parallel with anti-IgE therapy and oral glucocorticoids, for proposed use in certain adults with severe asthma.
Patient selection is the key to successful BT, and also affects the short-term safety and long-term outcomes of the treatment. Currently, Chinese experience with BT in clinical settings shows that, BT can be considered for poorly-controlled asthma patients who have been regularly on GINA Step 4 or 5 treatments for at least half a year, or those whose asthma control remains well on regular GINA Step 4 or 5 treatments but is repeatedly lost when de-escalating the treatment (esp. When tailing-off oral corticosteroids). The feasibility of BT could also be investigated in extreme cases of asthma where a range of risk factors for recurrent exacerbation and fluctuation in patient condition are present, avoidance from environmental irritation is not possible, or patient adherence seems uncorrectably poor (151) .
Perioperative management is another important aspect to guarantee BT safety. Perioperative management is also an important aspect to ensure the patient safety in BT. Prior to the procedure, the patient should undergo a pulmonary function test for assessing the severity of asthma, as well as the risk and safety of BT. A lower FEV 1 value may mean a greater procedural risk. In general, the BT safety would be high in patients on regular asthma medication plus FEV 1 >50% predicted or FEV 1 >1 L by baseline pulmonary function test, but could be challenging in those whose FEV 1 lingers at or below 40% predicted after systemic glucocorticoids or bronchodilators. Moreover, the perioperative management becomes more demanding in patients with more comorbidities. Therefore, for instance, the blood pressure and blood glucose need to be under well control before BT; severe asthma comorbid with OSAHS needs more alerts against the greater anesthesia risk. Comorbidities in severe asthma also impose a major risk for fluctuations in patient condition, and thus, each patient with severe asthma should be evaluated for hypertension, diabetes, obesity, OSAHS, rhinosinusitis, and GERD, prior to the procedure. To ensure the BT safety and efficacy, efforts should be exerted to a number of important issues, i.e. prudent identification of surgical indications, proper selection of candidates, pre-operative assessment of pulmonary lung functions and comorbidities, rigorous adherence to procedure protocols, use of suitable anesthesia, and post-thermoplastic follow-up (152) .
Ever since the approval of BT for clinical use by China in 2014, this technique has been increasingly introduced in Chinese hospitals. A Chinese registry study for BT is now ongoing. However, the number of case reports with BT in this country remains limited. Clinical data published in 2016 (153, 154) , which included thus far the largest case series and longest follow-up in China, indicated significant reductions in one-year exacerbation rate (by 79.4%), hospital admission due to exacerbation (by 89.4%) and oral use of corticosteroids, compared with the previous year.
However, the long-term efficacy and safety of BT requires validation in longer time of follow-up observation, in well-designed randomized double-blind controlled trials with large sample size, and in clinical registry studies involving participation of asthma patients (155) .
Regardless of current advances, our understandings about the development, progression and prognosis of severe asthma remain inadequate. Research on the prevention and management of severe asthma continues to be important for Chinese pulmonologists. Collaborative research projects are expected to obtain the baseline data about clinical manifestations, control, and disease burden of severe asthma in China, explore the risk factors and clinical phenotypes of severe asthma specific to Chinese population, propose novel biomarkers for asthma diagnosis and phenotyping, set up a diagnostic and evaluation algorithm, and develop phenotype-based individualized treatment strategies (bolstered by comprehensive treatments) that includes targeted therapy and BT. All these should help to improve control asthma, patients' quality of life, and burden of disease, and ultimately, provide evidences for precision treatment of severe asthma in this country (10) .
